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(54) Method for ensuring error-free transmission of a telecommunication signal including 
temporary data channels 



(57) A method for preventing errors in transmission 
of a telecommunication signal via a network domain 
forming part of a network, wherein the signal is trans- 
mitted in the form of a succession of binary data frames 
via two border points in the network domain, and each 
of the frames comprises a parity array including one or 
more bits assigned for parity check and a temporary use 
array including a number of bits assigned to serve one 
or more temporary data channels between the two bor- 
der points; the method comprising: 



transmitting, via the one or more temporary data 
channels, additional information between the two 
border points with performing operation of parity 
compensation at each of the border points, in the 
parity array of each of the binary frames, 
obtaining an external command to cease transmis- 
sion of the additional information via the one or 
more temporary data channels, and 
executing the external command with performing a 
procedu re of the temporary channels compensation 
at each of the border points. 
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Description 

Field of the invention 

[0001] The present invention relates to a method for preventing errors in transmission of binary data frames via a 
path in a telecommunication network, when so-called temporary data channels are formed/dropped in any network 
portion between two end points of the path. More particularly, the invention is applicable to transmission of binary data 
frames via networks based on SDH and SONET standards, for example - for preventing errors which might appear in 
the network portions called tandem connections (TC). 

Background of the invention 



[0002] Modern telecommunication networks are adapted for transmitting data organized in binary data frames of 
various formats. Typical examples of such binary data frames are standard frames accepted in SDH, SONET and PDH 
data transmission technologies. However, other telecommunication technologies using parity check (e.g., BIP) for ver- 
ifying data under transmission may utilize the proposed technique. 
[0003] The Synchronous Digital Hierarchy (SDH) and its North-American equivalent, the Synchronous Optical Net- 
work (SONET), are the globally accepted, closely related and compatible standards for data transmission in the public 
wide area network (WAN) domain. Recently, SDH/SONET has also been adopted by the ATM Forum as a recommend- 
20 ed physical-layer transmission technology for ATM (Asynchronous Transfer Mode) network interfaces. 

[0004] SONET and SDH govern interface parameters; rates, formats and multiplexing methods; operations, admin- 
istration, maintenance and provisioning for high-speed signal transmission. SONET is primarily a set of North American 
standards with a fundamental transport rate beginning at approximately 52 Mb/s (i.e., 51 .84 Mb/s), while SDH, princi- 
pally used in Europe and Asia, defines a basic rate near 155 Mb/s (to be precise, 51 .84 x 3 = 155.52 Mb/s). From a 
transmission perspective, together they provide an international basis for supporting both existing and new services 
in the developed and developing countries. 

[0005] Fortransmittingdata, SDH and SONET use frame formats transmitted every 125 u,s (8000 frames/s). Because 
of compatibility between SDH and SONET, their basic frames are similarly structured, but differ in dimension, which 
fact reflects the basic transmission rates of 155.52 and 51 .84 Mb/s, respectively. To be more specific, a basic frame 
format of SDH is 9 rows of 270 bytes , or 2430 bits/frame, corresponding to an aggregate frame rate of 155.52 Mb/s. 
For SDH systems, the mentioned basic frame transmitted at the rate 1 55.52 Mb/s forms the fundamental building block 
called Synchronous Transport Module Level-1 (STM-1 which, according to SDH mapping scheme, contains a signal 
called AU-4 which, in turn, carries a signal VC-4). For SONET systems, the basic frame has dimensions of 9 rows by 
90 bytes (270:3) and, being transmitted at the rate 51 .84 Mb/s (155.52:3), forms the appropriate fundamental building 
block called Synchronous Transport Signal Level-1 (STS-1 containing AU-3 that carries a signal VC-3). 
[0006] Each basic frame of SONET or SDH comprises an information portion called Information Payload and a 
service portion called Overhead (OH). Information payload is usually formed by virtual container signals VC4, VC3 and 
the like, and comprise a so-called POH (Path Overhead) portion predestined for various service and control functions. 
[0007] One of the basic methods for controlling proper transmission of binary data frames is a so-called parity check. 
40 The parity check is a method of error-detection in the binary data transmission whereby an extra bit is added to a 
particular group of bits to be checked, which is adapted to make the sum of all the bits (always odd or always even). 
Instead, a parity array of several parity bits or even a parity byte can be appended to an array of bits or bytes. For 
example, a BIP8 procedure is one type of a widely known Bit Interleave Parity procedure, wherein each bit of a resulting 
BIP8 byte is a parity bit done across a specific bit position - e.g., bit 2 of the BIP8 byte is the parity of the 2 nd bit of all 
the bytes being checked, and so on. The parity check procedure traps errors in the following way. When a transmitting 
device frames a binary message, it counts a parity value of the message and appends to the message a selected parity 
array (bit, a number of bits, byte) with the parity value in it. The receiving end also counts a parity value of the received 
message and compares the result to the received parity value. If an error is detected, an alarm flag may be set and a 
retransmission may be requested. 

[0008] US patent application 09/41 8,219 filed October 1 4, 1 999 by the Applicant describes a situation where a binary 
frame transmitted from a transmitting end can be subjected to changes (which are not due to errors) before being 
received at the receiving end. For example, some reserve bits or bytes of the frame may be used as a data/voice/fax 
transmission channel for a call, which occasionally takes place in a portion of the network positioned between the 
transmitting and the receiving ends of the main telecommunication path. Such a channel is characterized by non- 
permanent presence of additional binary data in a portion of the binary frame, which is not occupied by the main 
message, and will be called a temporary data channel in this description. The temporary character of the channel is 
reflected both by the fact that transmission of the additional information may start and cease according to external 
commands, and by the fact that the channel may use only a portion of the path between the transmitting and the 
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receiving end. 

[0009] Another, more illustrative example of trie temporary data channel can be found in the way of operation of so- 
called tandem connections (TC). 

[0010] Fig. 1 illustrates so-called network domains, each comprising a number of network elements (NE) Each 
network domain, which receives a telecommunication signal (trail) arriving from one neighboring network domain for 
ransm,tting ,t to another neighboring network domain, may be considered a Tandem Connection network domain 
[0011] When a data stream is transmitted from one network domain (being in possession or responsibility of one 
provider) to another network domain (held by another company or provider), such providers are supposed to share 
10 transmSon telecommunication service, and responsibility for errors and faurts which may happen during the 

[0012] In the example of Fig. 1, three network domains marked 2, 3 and 4 may serve for transmission there-through 
e.the a so-called high order SDH s.gnal VC4, or a so-called low order SDH signal VC12, and each of the domains 
should be respectively considered either a high order Tandem Connection, or a low order Tandem Connection Gen- 
erally, the function of the Tandem Connection is to monitor only a specific overhead portion of the arriving trail (signal) 
For example, one of the TC functions is to count BIP errors - the binary errors revealed by the Bit Interleaving Parity 
procedure. BIP errors may comprise both the errors that came to the TC with the trail, and those occurred in the TC 
The TC functions usually provide for distinguishing between defects occurred in the TC and those related to data 
received by the TC, and are finally aimed at obtaining objective information on responsibility of each specific network 
domain for errors introduced in a signal while transmitting it via this domain. In each TC network domain one of the 
border network elements (NE) serves as a Tandem Connection source, and the other - as a Tandem Connection sink 
n domain 3, for a particular direction of transmission, NE marked 5 is the TC source, and NE marked 6 is the TC sink 
It is to be understood that the data transmission via the TC is bi-directional. 

[0013] According to the term which will further be used in the present description, a temporary data channel is es- 
tablished between the TC source and the TC sink for creating and transmitting information which reflects the above- 
?lT*T B 1i 1° functions " An ov emead byte N in the standard binary frame is assigned for this temporary data channel 
[0014] A Standard Recommendation No. G.707 (3/96) concerning SDH transmission systems, issued by the Tele- 
communicate Standardization Sector of the International Telecommunication Union (ITU-T), describes functions of 
a Tandem Connection (TC) utilized in the network. In other words, the Standard Recommendation describes a case 
when the TC (an intermediate network domain with TC functions) is being switched into a telecommunication path 
and stipulates which operations are to be performed at the TC for preserving errorless transmission over the path ' 
[0015] ITU-T Standard Recommendation G.783 (99/01) also describes Tandem Connection BIP compensation for 
higher order and lower order SDH data streams. 

[0016] For example, according to the Standard G.707 (Annex D, VC-4A/C-3 Tandem Connection Monitoring Protocol- 
option 2), both the TC source and the TC sink should perform an operation of BIP-8 compensation for high order SDH 
signals, which operation is described in detail in section D.4 of the annex. Analogously, operation of compensation 
with respect to BIP-2 is to be performed in TC for lower order signals VC-2/VC-1 (Annex E of G.707), and with respect 
to yet other signals (Annex C). Monitoring protocols of Tandem Connections are standardized in the ITU-T Standard 
Recommendation G.707 (Annexes C, D, E) which are incorporated herein by reference. 

[0017] The need in this operation can be explained as follows. Since inside the Tandem Connection there is a tem- 
porary data channel (byte N) which bears information that did not exist before the TC and should not be transmitted 
thereafter, the BIP value of any frame which has entered the TC will differ both from the BIP value of that frame before 
entenng the TC and from the BIP value of that frame when leaving the TC. Thafs why, to prevent non-justified alarms 
due to discrepancies revealed by the parity check, any frame leaving a TC source or a TC sink network element must 
be treated for BIP compensation. 

[0018] However, neither the G.707 Standard, nor any other relevant standard or patent document describes or sug- 
gests how an SDH/SONET signal transmitted via a Tandem Connection could be preserved from discrepancies at the 
moment when the TC functions are shut down (which may take place in practice upon an external command for 
example upon a software instruction). In other words, no precautions are foreseen for the case when the signal from 
the upstream domain continues transmitting to the downstream domain via the same link in the intermediate domain 
which suddenly stops providing the Tandem Connection services (like via a direct communication link having no con- 
trolling/checking functions). Likewise, no information has been revealed as of how the similar problem is treated if 
another type of the temporary data channel is introduced in a data stream or dropped therefrom. 

Object of the invention. 

[0019] It is therefore the object of the invention to provide a method that would ensure that the fact of shutting down 
a temporary data channel (for example, TC functions shut down) in a telecommunication path via which a data signal 
is transmitted does not bring extra errors to the signal. It should be emphasized that the invention is focussed on 
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preventing the errors caused by the very fact of the shut down process; further errors of transmission which might 
appear in the path not carrying the temporary channel any more, are not in the scope of the present patent application. 

Summary of the invention 

[0020] The above object can be achieved by providing a method of preventing errors in transmission of a telecom- 
munication signal via a network domain forming part of a network; wherein said signal is transmitted via two border 
points in said network domain in the form of a succession of binary data frames, each comprising a so-called parity 
array including one or more bits assigned for parity check and a so-called temporary use array including a number of 
bits assigned to serve one or more temporary data channels between the two border points, the method comprising 
steps of 



transmitting, via said temporary data channels, additional information between the two border points with perform- 
ing operation of parity compensation at each of the border points, in the parity array of each of the binary frames, 
15 obtaining an external command to cease transmission of the additional information via said temporary data chan- 

nels, and 

executing said command with performing a procedure of the temporary channels compensation at each of the 
border points. 

20 [0021] The procedure of the temporary channel compensation can be performed as follows: 
selecting a transient frame, 

performing said operation of parity compensation in the transient frame, and 

performing the very operation of the temporary channels compensating in the transient binary frame, and 
25 - executing said command in a frame following the transient frame. 

[0022] It should be clarified that the above-described operations are not necessarily synchronous at the two border 
points. 

[0023] Preferably, the temporary use array of said transient frame can be used for the temporary channel compen- 
30 sation. Alternatively, other overhead bytes of the frame can serve the purpose. 

[0024] In general, a plurality of temporary data channels may be established via a plurality of elements of the tem- 
porary use array, though the procedure of temporary channel compensation should be provided when the last of the 
temporary channels is going to be ceased. 

[0025] The operation of parity compensation (which is known as BIP compensation in TC only) is provided in each 
35 binary frame outgoing from a* particular border point, by introducing into its parity array a compensated parity value 
formed by summing a parity value of the corresponding frame which has entered said border point (the incoming frame) , 
and a binary difference of information found in the temporary use arrays of a pair of binary frames which entered and 
left the same border point at a previous clock. 

[0026] More particularly, the operation of parity compensation can be written down as follows: 

40 

B V) =C (H) e B (t-1) e C '(M) 0 B '(t-1) e B (t)> 



where: 

45 

e - is Exclusive OR operator. (This operator, being applied to initial binary vectors having "n" binary positions, 
gives a resulting binary vector having "n" binary positions, where each position of the resulting vector is equal to 
"1 " if corresponding positions of the initial vectors give odd number of ones, and is equal to "0" if they give even 
number of ones. This operator is often used for detecting differences between two binary vectors). 
50 ° (t-1) " is a binary value (vector) in the temporary use array C of a frame incoming a border point; 

C '(M)- ' s a value in the temporary use array of a corresponding frame outgoing from the border point; 
B (M j - is a parity value in the parity array of a frame incoming a border point; 

B '(t-1) ' js a parity value in the parity array of a corresponding frame outgoing from the border point; 
B (t) " is a Parity value in the parity array of a next frame incoming the border point; 
55 B '(t) " is a parity value in the parity array of a corresponding next frame outgoing from the border point, (this parity 

value is already compensated according to the formula). 



[0027] The above equation can be rewritten as follows: 
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B '(t) =[C (t-1) © B- (t . 1} © 0' (M) ® B' (M) ] © B (t) = B' w =[A (t-1)] © B 
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where [A (t-1 )] - is a binary difference, introduced in frame (t-1) at a border point, which reflects additional infor- 
mation included in that frame. 

[0028] According to one, most illustrative, version of the above method, said network domain is a Tandem Connection 
network domain, said temporary use array in the binary frame constitutes an overhead N-byte responsible for TC 
functions' records in the TC network domain, said parity array is an overhead B-byte, and the external command (for 
ceasing transmission of the information via said temporary data channel) is a command ordering that the Tandem 
Connection functions be shut down in the TC network domain via which the signal is being transmitted. 
[0029] It should be explained that the above-mentioned overhead byte N of the SDH/SONET signal is a so-called 
TC byte which, if the TC functions are active, must be added/removed at a respective source/sink border point of the 
Tandem Connection. Byte N comprises a number of indications concerning various errors registered with the aid of 
the Tandem Connection functions. Among these indications there is usually a so-called IEC (Incoming Error Count), 
a TC-REI (errored blocks caused within the TC) and an OEI (errored blocks of the egressing frame). 
[0030] Based on the above, it has been realized by the Inventors that when the TC ceases its functions (which is 
usually provided upon receiving a software command), contents of the transient frame, outgoing any border point of 
the network domain, should be corrected. The purpose of the correction is to prevent transmitting erroneous information 
related to functions of theTC, which just has stopped existing. Such erroneous information, if not prevented, will cause 
a distorted BIP result and generation of an alarm that actually reflects no more than the transition process of shutting 
down the TC. The same phenomena applies to ceasing transmission of information via another type of temporary data 
channel in a network domain. 

[0031] The transient frame is preferably selected to be a first complete frame passing via a particular border point 
after said external command is obtained. 

[0032] Preferably, the method comprises a single operation of the temporary channel compensation in the transient 
binary frame. However, no harm can be done if this operation is repeated a number of times in a number of successive 
frames, respectively. 

[0033] The timing of the temporary channel compensation procedure can be selected so that the action achieves its 
purpose maximally effective. In principle, the operation of temporary channel compensation should be performed during 
the processing time of the transient frame, where the parity compensation is routinely provided. In practice, the two 
operations are prepared simultaneously but the parity compensation is performed before the temporary channel com- 
pensation, since usually the parity array is situated in the frame before a selected temporary use array 
[0034] The operation of temporary channel compensation can be.provided according to the following equation pro- 
posed by the Inventors: 

C' (t) =C (t) ©B (t) © B' (tr C (t) © [A (t-1 )], 

where: 



©- is Exclusive OR operator; 

C (t) - is a binary value in the temporary use array C of a frame incoming a border point after receiving a command 
on the temporary channel shutdown (i.e., a transient incoming frame); 

C' (t) - is a value in the temporary use array of the corresponding frame outgoing from the border point after receiving 
a command on the temporary channel shutdown (i.e., the transient ougoing frame); 
B (t) - is a parity value in the parity array of a frame incoming a border point after receiving a command on the 
temporary channel shutdown (i.e., the incoming transient frame); 

B '(t) * is a parity value in the parity array of a corresponding frame outgoing from the border point after receiving 
a command on the temporary channel shutdown(i.e., the outgoing transient frame), and wherein this parity value 
so is already compensated; 

[A (t-1)] -the binary difference reflecting additional information passed via the frame preceding the transient one. 

[0035] As will further be shown in the detailed description, the binary value [A (t-1)] which has been used for parity 
compensation of the transient frame, should be used for the temporary channel compensation of the transient frame. 
[0036] According to a second aspect of the invention, there is provided a network element capable of implementing 
the above- described method. 

[0037] The most preferred embodiment of the network element is a source/sink TC element comprising a processor 
means designed for performing TC functions and further capable of providing the temporary channel compensation 
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procedure of the signal upon obtaining an external command to shut down the'TC functions. In the simplest implemen- 
tation of the TC element, the proposed compensation is performed in the N-byte of the signal. 

Brief description of the drawings 

[0038] The invention will be further illustrated and explained with reference to the following non-limiting drawings 
and using an example of SDH data streams. 

[0039] Fig. 1 schematically illustrates tandem connection domains. 

[0040] Fig. 2a (prior art) schematically shows how a Tandem Connection BIP compensation is provided in the BIP 
byte of a frame outgoing aTC source/sink network element, according to the Standard Recommendation G.783. 
[0041] Fig. 2b is an explanatory diagram to the block-scheme shown in Fig. 2a. . 
[0042] Fig. 3a is an explanatory diagram of the method according to the invention. 

[0043] Fig. 3b schematically illustrates, using the diagram shown in Fig. 2a, how the method of the invention can 
be performed in case of the TC functions' shutdown, to prevent appearance of extra binary errors: 

Detailed description of particular implementations 



[0044] Fig. 1 illustrates so-called Tandem Connection (TC) network domains. 

[0045] According to the term accepted in the present description, a temporary data channel is established between 
the TC source and the TC sink for creating and transmitting information reflecting the TC functions; an overhead byte 
N in the standard binary frame is assigned for this temporary data channel. 

[0046] The SDH/SONET signal can be either a high order data stream (VC-3, VC-4 of SDH), or a low order data 
stream (VC-2, VC-11 , VC-12 of SDH, as well as VT streams of SONET), and said temporary use array is an overhead 
byte is either N2, or N1 , respectively. 

[0047] However, the method is applicable to any other network domains serving for transmitting any type of infor- 
mation (data/fax/voice) via a temporary data channel, and to any other signals composed as a succession of binary 
frames having overhead bytes, for example to PDH signals. 
[0048] Moreover, there may theoretically exist one or more additional temporary data channels utilizing other'pre- 
determined bits/bytes of the standard binary frame and active between the border points of the network domain 3, i. 
30 e ., between NE 5 and NE6. The whole array of bits/bytes used for the temporary data channels in the binary frame 
will then be considered a temporary use array. The method and the device according to the invention are proposed for 
compensating errors when temporary data channels stop working, namely when the last of the temporary data channels 
is shut down. 

[0049] Fig. 2a (prior art) shows, using an example of higher order data streams, how the operation of BIP compen- 
35 sation is performed in a routine operation of a Tandem Connection, according to the ITU-T Standard G.783. 

[0050] In the compensation procedure in TC, the following four standard frames of the trail will be referred to: two 
successive frames incoming a particular TC border element (say, a TC source element) and two corresponding to them 
successive frames outgoing the same TC element after being processed according to the TC functions. The mentioned 
standard frames are marked 10, 12, 14 and 16. It should be understood, that the incoming frame 10, after being 
processed in the border network element (TC source/sink), becomes the outgoing frame 14, and in the analogous 
manner - frame 12 becomes frame 1 6. 

[0051] The diagram illustrated in Fig. 2a relates to a so-called BIP-8 parity check procedure, result of which is being 
preserved in an overhead byte B3 of high order SDH signals VC3 and VC4 (generally called VC-n). Other overhead 
bytes of the signal are schematically depicted as a right-hand column in each of the standard frames. One of the 
overhead bytes is byte N1, which serves for performing TC functions, if such are declared. For example, as we re- 
member, N1 byte should comprise results of the parity check to enable distinguishing between external and internal 
binary errors. 

As stated by the Standard Recommendation G. 707, D.4: "Since the BIP-8 parity check is taken over the whole virtual 
container VC-n (including byte N1), writing into N1 at the TC-source or TC-sink will affect the VC-n parity calculation. 
Because the BIP-8 parity should always be consistent with the current state of the VC-n, the BIP has to be compensated 
each time N1 byte is modified. Since the BIP-8 value in a given frame reflects the parity check over the previous frame, 
the changes made to BIP-8 bits in the previous frame shall also be considered in the compensation of BIP-8 in the 
current frame. Therefore the following equation shall be used for compensation of the individual bits in the BIP-8: 



B3[i]'(t) = B3[i](t-1) e B3[i]'(t-1) © N1 [i](t-1) © N1 [i]'(t-1) © B3[i](t) 

Where: 
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B3[i] - is the existing B3[i] value in the incoming signal, 

B3[i]' - is the new (compensated) B$[\] value which appears in outgoing frames, 
N1 [i] - is the existing N1 [i] value in the incoming signal, 
N1 [i]' - is the new value written in to the N1 [i] bit (outgoing signal), 
©- is exclusive OR operator, 
t- the time of the current frame, 
t-1 - the time of the previous frame. 

The current frame is marked with a pair of numbers 12 and 16, wherein 12 indicates a current incoming frame, and 16 
is the same frame outgoing from the network element after being processed. The previous frame is marked with a pair 
of numbers 10 and 14 (10 is incoming, 14 is outgoing). Partial functions of the processor of the network element are 
schematically indicated with 28. 

[0052] Fig. 2b illustrates the above diagram more schematically, thus generalizing it to any permanent data channel 
established via a network domain transmitting there-through a signal being a succession of binary frames. To make 
the example more illustrative and comprehensive with reference to Fig. 2a, the like binary frames are marked with like 
numbers. Let's assume, that a succession of incoming frames 10, 12 reaches a border network element of a network 
domain, where a temporary data channel is added to the signal. Let this channel is established using byte "C" (a 
temporary use array) of the frame, so that the successive outgoing frames 14 and 16 will bear information which did 
not exist before. Since each frame comprises a parity value in the parity array (byte marked B), which is checked at 
each clock by calculating parity over the whole previous frame, the comparison (if directly performed) should give an 
error because an additional information has been introduced into the temporary channel "C". To avoid it, the parity 
value in every outgoing frame is compensated by the processor of the border network element as follows. A binary 
difference between the previous incoming frame 10, and the previous outgoing frame 14 is obtained (see the arrow 
marked 19), and this difference is further summed up with the parity value of the following incoming frame 12, to be 
introduced in the B byte of the next frame 16 (by arrow 21), thereby compensating the changes introduced by the 
temporary channel. 

[0053] The above-described parity compensation performed in the border element during its functioning (as a TC 
source/sink, or as a Network Element adding/removing another temporary data channel) is actually the reason why a 
new compensation is required when the temporary data channel disappears. 

[0054] Fig. 3a illustrates schematically, how the temporary channel compensation can be performed if, during the 
process of transmission, an external command is obtained ordering to shut down the temporary channel. Suppose, 
frames at a clock (t-1) marked (as above) 10 and 1 4 are respectively the incoming and the outgoing frame at a "source" 
border element. Frame 14 bears the information in the temporary channel "C" and has a compensated parity array. 
Suppose, the shut-down command is obtained before the moment when the next frame (t) marked 1 2 enters the border 
element. It would be desired that the next outgoing frame 1 6 does not include the information in the temporary channel 
"C". It is also desired that errors be prevented in the parity check of both the transient frame, and the following outgoing 
frames. 

[0055] However, if, immediately obeying the shutdown command, the parity compensation (see arrow 21) is not 
provided in the parity (B) array of the frame 1 6, the parity check will cause an alarm, since frame 14 still has additional 
information in the array C. On the other hand, if the parity compensation is done in frame 16, it will be necessary to 
continue compensating it in the following frames of the succession (20 and so on) to maintain the parity. This situation 
would contradict the shut-down command which requires that all the TC functions be stopped. 
[0056] To resolve the problem, the difference which was introduced in the B- array, should be compensated by in- 
troducing the equal binary value in the transient frame (for example, into its C array). 

[0057] In other words : it is proposed to perform the parity (B-) compensation (marked 21 ) in the transient frame 12-1 6 
(marked by hatching), and introduce into the C array of the transient outgoing frame 1 6 a compensating value (marked 
by arrow 23) which is formed as follows: 

50 C " (t) =c (t) © B (t) e B ' (t)» 

where 

55 B '(t)=[C (n j © B (M) © C' (M) © B' (M) ] 0 B (t) = =[A (t-1)] © BIP (t) . 
[0058] It means that 
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c (t) =c (t) e BIP (t) © [A (t-1 )] © bip ( t >: 

and since BIP (t) © BIP (t) =0, 

C' (t) =C (t) @[A(t-1)]. 

[0059] It can now be understood that the same value which was introduced to compensate the BIP array, is to be 
introduced to compensate the C array. Additional proposed functions of the processor of the border network element 
are schematically marked 30. 

[0060] The above conclusion is illustrated in Fig. 3b in the form of a simplified block-diagram. As can be seen in Fig. 
3a and Fig. 3b, both the regular parity compensation and the additional temporary channel compensation procedures 
should be performed during the processing of the transient frame. 

[0061] Having done the temporary channel compensation, we artificially achieve equity between the transient in- 
coming and the transient outgoing frames from the point of parity check, thus terminating the process of shut down at 
this transient frame arid allowing "normal" functionality of the network domain to be restored from the next incoming 
frame. For example, if the network domain of interest is a Tandem Connection which has been shut-down, the next 
frame f(t+1) already does not include additional information in a temporary channel C(byte N), and no compensation 
functions will be required (neither in the B byte, nor in the N byte), thus the parity check provided over the transient 
frame and the following frames will not bring up any errors caused by the shutdown process. . 



Claims 



25 



1 . A method of preventing errors in transmission of a telecommunication signal via a network domain forming part of 
a network; wherein said signal is transmitted in thef orm of a succession of binary data frames via two border points 
in said network domain, each of the frames comprising a parity array including one or more bits assigned for parity 
check and a temporary use array including a number of bits assigned to serve one or more temporary data channels 

30 between the two border points, 

the method comprising: 

transmitting, via said temporary data channels, additional information between the two border points with per- 
forming operation of parity compensation at each of the border points, in the parity array of each of the binary 
35 frames, 

obtaining an external command to cease, transmission of the additional information via said temporary data 
channels, and 

executing said command with performing a procedure of the temporary channels compensation at each of the 
border points. 

40 

2. The method according to Claim 1 , wherein the procedure of the temporary channel compensation includes: 

selecting a transient frame, 

performing said operation of parity compensation in the transient frame, and 
45 - compensating the temporary channels in the transient binary frame, 

while executing said external command in a frame following the transient frame. 

3. The method according to Claim 1 or 2, utilizing said temporary use array of said transient frame for the temporary 
50 channel compensation. 

4. The method according to any one of the preceding claims, wherein said operation of parity compensation comprises 
compensating the parity array of a particular said frame outgoing from one of the border points with a binary 
difference, introduced at said border point in a frame preceding said particular frame: 



55 



The method according to Claim 4, comprising utilizing the binary difference which has been used for parity com- 
pensation of the transient frame, for the temporary channel compensation of the transient frame: 



DOCID: <EP 1162772A2_I_> 



8 



EP 1 162 772 A2 



CV (t)=C (t) ©B (t) ©B' (t) ,or 
C (t) = C (t) ©[A (1-1)], 

where: 

© - is Exclusive OR operator; 

C (t) - is a binary value in the temporary use array C of a transient frame incoming a border point; 
C' (t) - is a value in the temporary use array of the corresponding outgoing transient frame; 
B (l) - is a parity value in the parity array B of the incoming transient frame; 

B' (t) - is a parity value in the parity array B of the outgoing transient frame, and wherein this parity value is 
already compensated; 

[A (t-1)]- is a binary difference introduced at a border point in a frame, preceding the transient frame. 

The method according to any one of the preceding claims, comprising performing said procedure of temporary 
channel compensation in a first complete frame passing via a particular one of said border points after said external 
command is obtained; said first complete frame being considered a transient frame. 

20 7. The method according to any one of the preceding claims, wherein said signal is an SDH or a SONET signal. 

8. The method according to any one of the preceding claims, wherein said network domain is a Tandem Connection 
network domain, said temporary use array constitutes N-byte responsible for TC functions records in the TC net- 
work domain, said parity array comprises a B-byte, and wherein said external command is a command ordering 

25 the Tandem Connection functions shutdown. 

9. A network element capable of implementing the method according to any one of the preceding claims. 

10. The network element according to Claim 9, constituting a source/sink TC element having a processor for performing 
30 TC functions and further capable of providing said procedure of temporary channel compensation of the signal 

upon obtaining the external command to shut down the TC functions. 

11. The network element according to Claim 10, adapted to perform said temporary channel compensation in N-byte 
of the transient frame. 
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